y most recent estimates, about two billion of the world's population B have no access to modern forms of energy, such as electricity or fossil fuelsl. The majority of these people depend on burning biomass -wood, dung or waste from agriculture -for cooking, heating and lighting, and on human or animal power for tasks such as grindmg and transport. Biofuels and human power trap people into poverty The time spent on collecting wood or hand grinding corn takes away time that could otherwise be used for income-generating activities. In addition, lack of suitable lighting will limit time available for children to study after school, so huting educational development. Such traditional sources of energy also have implications for health. Cooking indoors on an open he, as women do in poor households of developing countries, can cause serious respiratory and eye problems for the women, and the young children who stay near them2.
Because of the modern image of electricity its convenience and it cleanness, it is not surprising that rural electnfication is a highly political issue in most developing countries. It is an issue which can win or lose an election. However, in the l h r d World the levels of electrification are still very low. Very few sub-Saharan African countries have more than 20% rural electrification, with a number of countries having less than 10%. Even in countries such as India, which claims that over 80% of villages are electrified, less than a third of the rural households can afford to take a gnd connection.
Failing to connect
So why is rural electrification in these countries so low? First, there is the question of access. Many mal villages are far from existing grids. The terrain IEE REVIEW JANUARY 1999 which transmission lines would have to cross may be inhospitable and there may be no road access to the villages. Also, being near an overhead line belonging to the local electricity company doesn't necessarily mean a village d be able to obtain electricity The connection may have to come from the nearest bulk supply point, which can be a considerable dstance from the potential consumers. To make thngs even more difficult, the houses in rural villages are often scattered, which means dstribution to individual houses will be extremely costly and time consuming to maintain or repair. Meter reading and bilJing in such remote areas may cost more than the income gained from selling electricity to the rural households, who usually have a very low power consumption.
Secondly the quahty of power supplied from the gnd can be very poor. While many cities in the developing world experience frequent power dips and blackouts, the power supply in rural areas suffers from additional difficulties. A weak grid experiences instabilities of voltage and frequency at the end of long transmission lines. Also, extended, lowvoltage lines will result in sigruhcant power losses. It will now be clear why for an already resource-poor utility the additional costs incurred in supplying a rural community can be simply unsustainable.
Finally there is the issue of the cost of connections for the household. The utility will charge a one-off rate for the connection and installation of a meter. And although the monthly tariff for electricity for lighting may be lower than the monthly cost of, say kerosene lighting, this initial connection charge may be prohbitively high for poor households whose cash income may be as little as US $1 a day 1 Traditional hydro-powered grain mill in Nepal
Decentralised solutions
Where the costs associated with grid connection are very high, there is a need to look for altemative solutions to rural electrification. Decentralised power generation can provide the answer. Local electricity production removes the need for long transmission lines; local ownership takes away the need to deal with city-based utilities, and local operation and management mean there can be flexibility in the supply options to poorer households in the community Already across the developing world diesel and petrol gensets are used by entrepreneurs to supply energy services to rural communities. It is also very common for rural people to take car batteries to the nearest town to be charged up ready for use in domestic lighting, radio or television. Now renewable energy systems are becoming a viable option for supplying power to rural areas. Experience suggests that withm the range of available technologies, renewable energy options have a comparative advantage in meeting the needs of widely dispersed rural communities. Such technologies exploit local resources, operating on a small-scale and using flexible and modular equipment. They are also, on the whole, less environmentally damaging than non-renewable energy sources.
The development organisation Intermedate Technology (IT), which has its head quarters in the UK and offices in seven countries in the Third World, has been promoting decentralised power supply from renewable sources for three decades (see panel). Some of IT'S experience in this field is outlined below, with particular reference to recent innovations in appropriate technology development and new approaches to meeting the needs of low-income people.
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Micro hydro power
In Nepal, micro hydro power development has made great advances since the early 1980s. Micro hydro power units supply in the regon of between 0.5 kW and 100 kW of power, enough to supply electric lighting for up to about 500 households. Many of the micro hydro units in Nepal will supply mechanical power during the day for flour grindmg or oil pressing, then supply electrical power for lighting over night. There are now about 300 micro hydro units in Nepal providing electricity to remote communities. The technology has been transferred to Sri Lanka, Peru and, more recently Southern Africa, where a total of about 60 new plants now supply rural communities.
Appropriate technology
Essential to the success of micro hydro for remote applications in these countries has been the introduction of technologies whch are appropriate for the development setting. One example of innovation is the use of an electronic load controller, a low-cost device which controls the supply of electricity to the consumer. When the community is not using the full power supply the excess power is dumped to a ballast load, usually a water or space heater. This allows for a constant power output from the turbine, and therefore removes the need for a sophisticated Local manufacture bf equipment can also be an important factor in the success of a remote energy scheme. In Nepal, Sri Lanka and Peru there are now a number of manufacturers who produce micro Pelton and crossflow turbines in local workshops. Local manufacture allows for designs appropriate to the local setting, lowering the capital cost of equipment and leadmg to faster and cheaper repairs.
Low head turbines
The cost-effective exploitation of micro hydro power in lower lying areas has been an on-going challenge. Intermediate Technology Consultants (ITC) -the commercial consultancy arm of l T -is currently examining ways of maximising the standardisation of the design of a micro hydro propeller turbine, operating off heads of between 2 and 8 metres, with the addtional requirements of being low cost and low maintenance. It is intended that the effectiveness of the design wdl be assessed via manufacture and testing in Peru. The final output of this project will be a manufacturing pack which will be made available in selected developing countries. The project relies on a range of skills supplied by IT Power, IT Peru and individual hydraulic and mechanical engmeers.
To meet the objectives of the project, the key features of the technology are considered to be: simplicity of design robustness 0 use of standard shapes, sizes and offease of maintenance operation without cavitation or 'rough' 0 location of the machine above maximum tailwater level.
the-shelf components -g
Other features, such as hydraulic efficiency are important but must not be allowed to compromise the more essential requirements listed above. The project goal will be considered achieved when ten propeller turbines have been purchased and installed on sites with low heads in five countries to supply domestic energy for rural communities.
Wind battery charging
While battery charging is a very common source of electrical power in developing countries, it has two major drawbacks: the distance that must be travelled to recharge dead batteries and the unsuitability of car batteries for repeated deep-discharge cycles. In some areas, small wind generators for local battery charging may provide an ideal solution to these problems.
It is estimated that there are 300000 batteries being used in Sri Lanka for TV/radio sets, while lighting loads necessitate frequent battery recharging. A market survey conducted in two villages in the North Western Province of Sri Lanka has concluded that there is a si&cant market potential for wind turbines for battery charging, provided suitable credit agreements can be established.
Small wind generators could provide sufficient power to trickle charge batteries for use in an isolated school or health centre or, in the case of the larger capacity system, a small community. It is estimated that the cost of a 1OOW battery charging unit will be in the range of €400-€500. When compared with other options for battery chargmg it appears that there is an important niche for smallscale wind power systems. For example, a 50 W photovoltaic system costs over €450, but provides only about a quarter of the energy output of a properly designed IEE REVIEW JANUARY 1999 The power of knowledge ' The gift of material goods makes people dependent. The gift of knowledge Sets them free', wrote E. F. Schumacher, author of the influential 1970's work 'Small is Beautiful' and founder of Intermediate Technology (IT).
This quote sums up perfectly IT'S approach to Third World development. Whereas many large-scale aid projects depend upon expensive, imported techniques and technologies, ill-suited to the needs of developing nations, IT believes that people are best able to help themselves by building on their existing skills, knowledge and resources.
IT helps poor people to explore the root causes of the problems that they face and works with them to develop simple and appropriate technological Solutions. IT works in a wide range of technical areas, including:
Energy -In Kenya and Sri Lanka, IT promotes fuel-efficient cooking stoves which enable women to save time and labour, and reduce the health risks posed by constant exposure to smoke.
Housing -In Peru and Zimbabwe, IT is helping communities to develop durable and affordable building materials made with local materials, and assisting in the design of good-quality, healthy homes.
0 Agriculture -In Kenya, Zimbabwe and Peru, IT is helping people to combat the effects of drought, by developing appropriate and effective irrigation techniques.
Food processing -In Bangladesh, Sudan and Sri Lanka, IT trains women in simple food processing methods, to enhance nutritional content and increase market value.
Schumacher also said: 'Give a man a fish and you feed him for a day; teach him to fish and you feed him for life. But teach him to make his own fishing rod, and you have helped him to become self-supporting and independent'. 100 W wind system.
A community battery charging system would ideally be designed to comprise one or two small wind turbines, located in an exposed site near the community Prototypes of 1OOW and 150/200 W units will be installed in Sri Lanka and Peru in the next two years.
4 Off-grid rural electrification in a remote location
Micro solar lanterns
Solar home systems for lighting, radio and television, are being sold in Africa by a large number of suppliers. These systems vary in quality performance and price. Typically the panels are in the range of 40-50 W, with costs ranging from €300 for a small two-light system to over €1000 for a five-light system of 50 W. Such costs can only be met by a small proportion of the community A study in Kenya showed that even in more affluent areas the solar home systems were not affordable. Inevitably many households continue to use kerosene wick lamps or hurricane lamps -an application for which a small 5-10 W solar lantern may provide an appropriate, cost-effective alternative. It still remains to produce a low-cost, robust and reliable model, which is suited to the potential market.
An analysis of customer requirements in rural Kenya has been carried out, with the aim of producing specifications for a micro solar lantern to be assembled locally ITC is co-ordmating a project to develop a prototype micro solar lantern, currently undergoing field tests.
Modem use of biofuels
Though not yet a common source of electrical power, the use of biofuels for generating electricity is being developed in dlfferent parts of the world. Wood and other solid fuels can be burned directly to power a sterling engine. However, the most effective method of electrical production from biofuels is to first convert the biomass into a liquid or a gas form. It is well known that liquid and gaseous fuels burn more efficiently and are cleaner than solid fuels. It is possible to run a modhed diesel or petrol engme with up to 100% of biofuels. If harvested from a renewable source, modern biofuels have the potential for malung a sigruficant contribution to clean energy supplies in the Third World.
Low-cost connections
As stated earlier, the cost of electrical connection is often the main barrier preventing households taking a power supply. Decentralised electrification projects, supplylng power to rural houses, can exploit innovative approaches to reducing these costs, as the implementation and management of such schemes are not restricted by utility regulations. Load limiters can replace meters, with a flat-rate tanff levied for the power capacity drawn. That is, the house pays a monthly rate based on the number of lights or appliances in a house, with the supply cut off if the limited capacity is exceeded. With load limiting, smaller cabling sizes can be used to reduce further the cost of the house connection. Other cost reductions can be made by simphfymg the electrical wiring system by the use of prefabricated wiring systems, such as 'ready board^'^.
Community involvement
The most successful village electrification schemes are the ones which involve the community from the conception of the project to implementation. While the technology requires expert engineers biofuels. and technicians to design and install the project, the community can be fully involved in the decision malung process. International experience has shown that participation of communities in demand assessment and load planning, ownership, management and operation can be very effective. IT has used ths approach 28 5 Rural electrification training course in Nepal in Zimbabwe, Peru, Sri Lanka and Nepal with s d a r positive outcomes. In all four countries it was found that communities can be actively involved at all stages, but require support from an external organisation to provide information on what technology options are available, to gude them through the development process and to support liaisons with financial institutions.
In recognition of this approach, the World Bank has recently expressed the need to encourage local participation in improving rural access to modem energy, stating that decentralised approaches are a key to the solution, combined with a structured approach to stimulating the local manufacture of generating systems1.
Anurbanproblem too
While much of the development in off-grid electrhcation has taken place in rural areas of developing countries, there is increasing recoption that there is an under-class in urban areas which also has limited access to modern forms of energy. These people live in informal settlements, often in semi-permanent houses (in other words in slums) where the utihties are reluctant to supply connections. These communities have very s d a r problems in accessing electricity as people in rural areas. While not all of the renewable options are suited to urban areas (such as micro hydro), there are a range of technology options which are suited, particularly solar PV and modern An alternative solution for the urban areas is for communities to form recognised mini-electricity supply companies (ESCo) , that liaise with the uthties to supply electricity to the community The mini-ESCo is then responsible for household connection in the slum and for tariff collection. This approach allows the miniESCo to supply appropriate financing to overcome the initial connection costs and allow flat rate t a d options, instead of metering.
One goal, diverse solutions
From this short overview of international experience it can be clear that there is no single approach to meeting energy needs in developing countries. Supplying electricity to the two billion people cut off from modern energy sources requires a range of innovative solutions. The continuing challenge is to combine sustainable technology options with the participation of the communities, ensuring a supply system which meets local needs and demands.
